NOVEL ANTI-INFLAMMATORY CYCLOOXYGENASE INHIBITORS 



Inventor: Eric H Kuhrts 

FIELD OF THE INVENTION: 

This invention relates to therapeutic compositions that exhibit anti- 
inflammatory properties and inhibit cyclooxygenase. The compositions are 
useful for treating osteoarthritis and rheumatoid arthritis, as well as pain related 
to connective tissue trauma or injury. 

BACKGROUND OF THE INVENTION 

Osteoarthritis is a degenerative joint disease and is the most common 
form of arthritis, affecting over 20 million people in America alone, most of 
which are 45 years old or older. Osteoarthritis causes the cartilage that covers 
the bone ends to deteriorate, causing pain, inflammation, and disability. 
Rheumatoid arthritis affects fewer people than osteoarthritis, nonetheless 
rheumatoid arthritis still affects just over 2 million people in the United States 
alone. There are also a large number of people who suffer from problems with 
connective tissue damaged by trauma or injury. 

There is a real need for a faster onset of action for the quick relief of 
pain. Joint inflammation and pain such as that associated with osteoarthritis is 
the result of increased levels of pro-inflammatory prostaglandins that are 
derived from arachidonic acid via the enzyme cyclooxygenase. There are two 
types of this enzyme, COX-1 and COX-2. Non-steroidal anti-inflammatory 
drugs such as aspirin and ibuprofen reduce the pain and swelling of arthritis by 
inhibiting the COX-1 form of the enzyme, but have the side effect of causing 
gastric erosion if used on a regular basis. The newer arthritis drugs such as 
rofecoxib, and celecoxib, inhibit the COX-2 form of the enzyme, and reduce 
pain without causing a high incidence of gastric erosion. 
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In the early 1990s, an inducible isoform of cyclooxygenase (COX) was 
found. This paved the way for the discovery that COX exists in at least two 
isoforms; a constitutive "house keeping" form of the enzyme, COX-1, which is 
responsible for homeostatic functions, and an inducable isoform, COX-2, 
associated with inflammatory conditions and mitogenic events. 

Non-steriodal anti-inflammatory drugs (NSAIDs) such as aspirin, 
provide pain relief during inflammation by reducing COX-2, but at the expense 
of also inhibiting the houskeeping or homeostatic functions of COX-1 . Part of 
these homeostatic functions include healing of ulcerations in the stomach, and 
certain cardiovascular benefits. The NSAIDs are more selective for the COX-1 
form of the enzyme, and are thus referred to as COX-1 inhibitors. However, the 
COX-1 inhibitors also inhibit the COX-2 isoform. 

The GI upset and stomach irritation caused by high doses of COX-1 
inhibitors is due to their action on prostaglandin production in a manner similar 
to that of aspirin and aspirin-like anti-inflammatory agents. Numerous studies 
have shown that the relative incidence of these GI side effects can be correlated 
to the relative COX-2 specificity of these agents. The higher the specificity for 
COX-2 over COX-1, the lower the incidence of GI upsets. Accordingly, 
cyclooxygenase inhibiting agents with increased COX-2 specificity may 
provide improved anti-inflammatory compositions having less incidences of 
gastrointestinal distress or side effects. 

However, too much selectivity for COX-2 over COX-1 may not be 
desirable. Certain side-effects may result from COX inhibitors that are 
extremely selective for COX-2. For example, the cardiovascular benefit of 
aspirin, a predominantly COX-1 non-steroidal anti-inflammatory drug 
(NSAID), is thought to be due to its activity as an anti-platelet aggregating drug. 
COX-2 inhibition does not result in anti-platelet aggregation. Current 
pharmaceutical COX-2 inhibitors, such as celecoxib or rofecoxib, are highly 
specific COX-2 inhibitors, and would not be expected to have any COX-1 
inhibitory activity. Thus, the cardiac-related side effects that have been noted 



with the use of some COX-2 specific inhibitors may be related to the lack of 
any COX-1 inhibition while significantly inhibiting COX-2. 



Furthermore, an additional problem associated with highly specific 
COX-2 inhibitors is the increase in gastric erosion produced by concurrent 
administration with other non-steroidal anti-inflammatory drugs (NSAEDS). For 
example, if a patient is taking a highly selective COX-2 inhibitor and also takes 
aspirin for cardiovascular benefit, the aspirin will cause even worse damage to 
the gastric mucosa. The reason for this is that some of the prostaglandins that 
are inhibited by cyclooxygenase inhibitors, such as prostaglandin E-2 (PGE2), 
are protective of the gastric mucosa, and actually contribute to healing of 
ulceration. Low dose aspirin produces small erosions in the stomach, and at the 
site of these ulcerations, the COX-2 enzyme becomes up-regulated. When 
COX-2 is blocked by selective COX-2 inhibitors, the protection afforded by the 
beneficial prostaglandins is eliminated. The result is that the ulcerative damage 
is made even worse. Concomitant administration of selective COX-2 inhibitors 
with aspirin is therefore contraindicated. 

In summary, highly selective single entity COX-2 inhibitors such as 
rofecoxib and celecoxib, while important new drugs for the treatment of pain 
associated with osteoarthritis and other maladies, have some serious potential 
side-effects. These side effects can be divided into two major groups; 1) 
cardiovascular, and 2) worsening of gastric erosion when taken with aspirin or 
other NSAEDS. Both of these side effects are related to an unbalanced total 
inhibition of the COX enzyme, and therefor, virtually complete blocking of 
prostaglandin production. Because prostaglandins have both positive and 
negative functions in the body, their total inhibition is a double-edged sword. 
Furthermore, there is a significant overlap in the patient populations that take 
both aspirin for cardiovascular benefit, and a selective COX-2 inhibitor for pain. 
Most of these subjects primarily consist of the elderly population. There is a 
significant need for anti-inflammatory pain relief without the negative side 
effects of the NSAIDs or the selective COX-2 inhibitors. Such a composition 
would provide pain relief while also inhibiting platelet aggregation, and 
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providing protection for the gastric mucosa through some gastroprotective or 
cytoprotective mechanism. These second generation COX-2 inhibitors would be 
selective enough to inhibit COX-2 over COX-1, but not so selective that they 
would result in the additional side effects mentioned above. 



In the search for new anti-inflammatory compounds, many potential 
candidates have come from the plant kingdom. These botanicals are usually 
extracted and tested in- vitro for COX inhibition using various cell lines and 
methods. Usually these methods involve screening the compounds for COX-2 
and COX-1 inhibition by measuring the inhibition of prostaglandin E-2 for 
COX-2 inhibition, and TxB2 for COX-1 inhibition. Selectivity can then be 
determined by calculating the COX-2/COX-1 ratio. But many of these 
compounds have limited bioavailability in the human or animal gastrointestinal 
tract. Thus lack of good absorption into the blood stream limits the therapeutic 
effects of these compounds due to low plasma levels of the active principles. 



Part of the poor absorption of botanical COX inhibitors is due in turn to 
low solubility of these compounds in biological fluids. The pH of the stomach 
in humans is about 1.2, and in the small intestine, it rises to about pH7.5. 
Compounds must be somewhat soluble in acidic conditions to provide a fast 
onset of action. While most compounds are absorbed in the small intestine, they 
must undergo dissolution and go into solution before they can be absorbed into 
the blood stream. Ideally, for fast onset of action, a compound should start 
undergoing dissolution while still in the stomach, and continue dissolution 
during transit in the small intestine. The compound should therefore be 
somewhat soluble in the acidic pH of the stomach, as well as the more basic 
"buffer" conditions that exist in the small intestine. 

When screening botanical extracts for COX inhibition in-vitro, a 
solution of the compound must be made up which is added to the media 
containing the cells and the other substances. This solution is usually prepared 
over a range of different concentrations, so that a dose response curve can be 
calculated. To create a solution of a compound with limited solubility in 
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physiological fluids, a solvent is usually employed. The most commonly used 
solvent is DMSO, or dimethylsulfoxide, which is somewhat of a universal 
solvent. But this method produces an artifact that is related to the artificial 
conditions in which the compound has been put into solution. The fluids in the 
gastrointestinal tract do not contain solvents such as DMSO or methanol. Many 
of these botanical compounds are not soluble in water, simulated gastric fluid, 
or simulated intestinal fluid. One therefore must make a leap of faith when 
extrapolating these in- vitro results to in- vivo conditions. 



It would be desirable to find compounds that exhibit good selective 
COX-2 inhibition in-vitro, that also have better solubility in physiological 
fluids. Such compounds would also result in better bioavailability, faster onset 
of action, and more effective pain relief with less side-effects. 

What are needed are compositions and methods that address the 
problems noted above. 

SUMMARY OF THE INVENTION 

In an aspect, the invention relates to a pharmaceutical composition 
comprising a therapeutic quantity of a COX-2 inhibitor having an IC50-WHMA 
COX-2/COX-1 ratio ranging from about 0.23 to about 3.33. In an additional 
aspect of the invention, such compounds would also have better solubility in 
gastrointestinal fluids, over a wide range of pH. Another feature of the invention 
would be faster onset of action for pain relief or analgesic effects, and less 
gastrointestinal and cardiovascular side effects. Additionally, a further aspect of 
the invention would be the ability of patients to use low dose aspirin therapy for 
cardiovascular benefit in conjunction with the use of the pharmaceutical 
compositions described herein, with reduced gastric erosion. 

DETAILED DESCRIPTION OF THE INVENTION 

The inventor has unexpectedly discovered that the above noted problems 
can be solved by a pharmaceutical composition comprising a therapeutic 
quantity of a COX-2 inhibitor having an IC50-WHMA COX-2/COX-1 ratio 



ranging fromabout 0.23 to about 3.33. COX-2 inhibitors having an IC50- 
WHMA COX-2/COX-1 ratio more than about 3.33 may exhibit undesirable 
cardiovascular and gastrointestinal side effects. Furthermore, such a compound 
should preferably be soluble in physiological fluids, over a pH range of 1.2 to 
10. 

The COX-2 inhibitors useful in the practice of this invention (the 
"recited COX-2 inhibitors") may be obtained from a variety of sources, so long 
as the recited COX-2 inhibitor has an IC50-WHMA COX-2/COX-1 ratio 
ranging from about 0.23 to about 3.33. This may be obtained, for example, by 
mixing together two or more COX-2 inhibitors so as to arrive at an average 
IC50-WHMA COX-2/COX-1 ratio in the range from about 0.23 to about 3.33. 

Preferably, the benefits of the invention may accrue if the recited COX-2 
inhibitor is a botanical COX-2 inhibitor. In a especially preferred embodiment, 
the botanical COX-2 inhibitor comprises hops (Humulus lupus L). This 
botanical extract contains numerous compounds that may work in concert to 
produce anti-inflammatory effects while minimizing negative cardiovascular 
and gastrointestinal side-effects. Even more preferable, is an isomer of alpha 
acid resins contained in hops extract, or iso-alpha acids. 

Hops has been in use by the beer industry for hundreds of years. Hops 
may exhibit some metabolic and endocrine effects. There at least six flavonoids 
that can be isolated from hops, and some of these flavonoids have 
antiproliferative and cytotoxic effects. The phytoestrogens in hops have also 
been shown to inhibit growth of human breast cancer cells. The unique 
flavonoid compounds isolated from hops therefore have potential as cancer 
chemopreventative agents by effecting the metabolism of carcinogens. Hops 
also exhibits antimicrobial properties. 

The anti-inflammatory properties of hops extract has been traced to one 
of the bitter principles or resins in hops called humulone. Humulone is 
designated an alpha acid by the brewing industry. In one study, humulone 
inhibited arachidonic acid-induced inflammatory ear edema in mice (Y asukawa, 
K et al, Oncology 1995, Mar; 52(2): 156-158), and also inhibited skin tumor 



formation following initiation with a chemical challenge. Humulon, the alpha 
acid contained in hops, has also been shown to suppress cyclooxygenase-2 
induction at the level of transcription (Yamamoto K, et al, FEBS Lett 2000 Jan 
14, 465(2-3: 103-106). Humulon, therefor, could be considered a COX-2 
5 inhibitor. Furthermore, humulon suppressed the TNFalpha-dependent 

cyclooxygenase-2 induction with an IC(50) of about 30 nM, a fairly low 
concentration. 



Extraction of hops yields various essential oils, oleoresins, and alpha and 
10 beta acids. The primary alpha acids contained in hops are humulone, 

cohumulone, hulupone, adhumulone, and xanthohumols. The primary beta acids 
in hops are lupulone, colupulone, and adlupulone. The beta acids in hops are 
essentially insoluble in water. 



P 1 5 The alpha acids in hops extract are not soluble at low pH. For example, 

jTQ the pH of gastric fluid is about 1 .2, and at this pH, the alpha acids in hops such 

vg 

? , » as humulone are not soluble. Even at the higher pH of the small intestine, which 

'Si 

IS is about 7.5, the alpha acids are only sparingly soluble. The bioavailability of 

in 

|4 the alpha acids in the gastrointenstinal tract, will be very low due to the low 
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dioxide, will exhibit very low bioavailability in-vivo. 



25 When tested for COX-2 inhibition activity in-vitro, hops extract must be 

dissolved in a solvent such as DMSO. This solution is then subjected to testing 
in the various cell line models employed as described in Brooks, P et al, 
Interpreting the clinical significance of the differential inhibition of 
cyclooxygenase-1 and cyclooxygenase-2, Rheumatology 1999; 38: 779-788. In 

30 this article, it mentions the possibility that the IC50 of a COX-2 inhibitor may 
be higher than the plasma concentrations of the drug that are achieved 
clinically. In-vitro IC50 values may be meaningless if the bioavailability of the 
compound in-vivo does not produce high enough concentrations in plasma. 
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One of the discoveries of this invention is directed to a composition that 
results in more soluble and bioavailable formulations of hops by converting the 
alpha acids to iso-alpha acids, preferably the alpha acid humulone to iso- 
humulone. The iso-alpha acids are better in-vivo COX inhibitors with a COX-2 
selectivity and side-effect profile that is superior to the same dose of 
unisomerized hop extract. The iso-alpha acids are therefore more effective for 
pain relief from osteoarthritis or trauma induced pain or inflammation. The 
major iso-alpha acids are trans-isocohumulone, trans-isohumulone and trans- 
isoadhumulone. There are also tetrahydroiso-alpha acids, hexahydroiso-alpha 
acids, p-iso-alpha acids. 

The alpha acids in hops extract can be isomerized by heating the high 
viscosity extract with potassium hydroxide or another mineral salt in aqueous 
solution. The resulting hops extract yields primarily iso-alpha acids, which are 
more soluble at the pH of the human or animal gastrointestinal tract, and most 
importantly, the iso-alpha acids are more soluble during the early stage of 
dissolution in gastric and intestinal fluids, when the fast onset of action leading 
to pain relief is needed. 

At pH 2 or below, the solubility of the alpha acids in hops is essentially 
zero. At pH 3-4 the alpha acids are only sparingly soluble, for example, a 
solution of only 100 ppm is possible at a pH of 4. At pH 6, only a 1-2% solution 
can be made, and at pH 10 about a 10% solution is possible. As mentioned 
before, the beta acids are virtually insoluble at low pH. However, iso-alpha acid 
is much more soluble at low pH as well as high pH. For example at pH 7.5 a 
20% aqueous solution can be made of iso-alpha acid, whereas only a 10% 
solution can be made of alpha acid. A 30% aqueous solution can be made by 
incorporation of potassium hydroxide in heated distilled water to bring the pH 
up to 9. The iso-alpha acids are therefore at least 100% more soluble and 
available at the pH of the human small intestine, and even more soluble at the 
pH of the stomach, which is about 1.2. Neither the alpha acids or the beta acids 
are soluble at the pH of the stomach. Thus, the iso-alpha acids will exhibit 
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greater absorption and faster onset of action because they will become available 
for absorption early on, because their dissolution will start to occur in the 
stomach and continue as they move into the small intestine. This will result in 
better availability in the proximal small intestine, and throughout the mid and 
distal small intestine, where most drugs are absorbed. 



Hops resin is obtained from the yellow vesicles in the flowers of the 
hops plant. Extraction of hops resin is usually done using accepted extraction 
techniques with such solvents as hexane or ethyl alcohol, which concentrates 
the alpha and beta acids. 

A more preferred extraction technique is using liquid carbon dioxide 
under supercritical conditions can be used to separate the alpha and beta 
fractions. Supercritical fluid technology is a more recent and superior means of 
extracting and concentrating the active principles that are contained in botanical 
extracts. Furthermore, supercritical fluid extraction is not a solvent based 
system, so it results in solvent free extractions, and is less harmful to the 
environment, because there is no need to evaporate toxic organic solvents. C02 
is the most commonly used material in supercritical fluid extraction and 
fractionation. Supercritical C02 extraction also allows for better separation and 
fractionation of certain components in hops that may not be necessary for a 
particular application, such as the elimination of estrogenic components which 
may not be needed in an anti-inflammatory formula. For instance, ethanol 
extracts of hops are known undesirably to possess strong estrogenic properties. 
These polyphenols are not soluble in carbon dioxide. 

In-vitro testing or screening of the recited COX-2 inhibitors can be 
conducted by measuring the inhibition of prostaglandin E-2, a pro-inflammatory 
prostaglandin. This results in the calculation of the IC50 values, or the amount 
or concentration of the compound needed to inhibit COX-2 by 50%. This model 
measures the production of prostaglandin E2 (PGE2) by the COX-2 enzyme 
related pathways, when stimulated by LPS in an in-vitro cell line model. 
However, the human whole blood assay has been deemed the method of choice 



by a panel of experts for assessing and screening COX inhibitors (Brooks, P et 
al, Interpreting the clinical significance of the differential inhibition of 
cyclooxygenase-1 and cyclooxygenase-2, Rheumatology; 1999; 38: 779-788). 
Such assays are now considered to represent a more complete in-vitro picture of 
COX-2/COX-1 selectivity and potency. A modified version of the human 
whole blood assay called the William Harvey Modified Human Whole Blood 
Assay has been selected as one of the best models for testing the compositions 
described herein. To determine the COX-2/COX-1 inhibitory activity according 
to the invention, the William Harvey Modified Human Whole Blood /Cell 
Assay (WHMA) is used, as set forth in T. D. Warner et al., Nonsteroid drug 
selectivities for cyclo-oxygenase-1 rather than cyclo-oxygenase-2 are associated 
with human gastrointestinal toxicity: A full in vitro analysis , Proc. Natl. Sci. 
USA 96:7563-68 (1999), hereby incorporated by reference in its entirety. The 
results from this assay are used to calculate the IC50-WHMA COX-2/COX-1 
ratio, which is simply the numerical ratio of the COX-2 IC50 divided by the 
COX-1 IC50 ratio, obtained using the WHMA. 

An example of two highly selective COX-2 inhibitors that are currently 
approved by the U.S. Food and Drug Administration are rofecoxib and 
celecoxib. The IC50 for COX-2 according to the WHMA for these two drugs is 
0.31 and 0.34 uM respectively. The IC 50 for COX-1 inhibition for rofecoxib is 
63 uM and the COX-1 inhibition for celecoxib is 1.2 uM by the WHMA 
method. The IC50-WHMA COX-2/COX-1 ratio for these two drugs is therefore 
0.3 for celecoxib and 0.0049 for rofecoxib 

Preferable doses of the recited COX-2 inhibitor range from about 5 mg. 
to about 1000 mg of the recited COX-2 inhibitor in the inventive compositions. 

Dosage forms comprising according to the invention may be taken 
numerous times during the day or may be incorporated into sustained-release 
formulations to enable a single daily or nightly dose. Such sustained-release 
formulations provide for more effective suppression of pro-inflammatory 
prostaglandins due to cumulative inhibition. In addition, sustained-release 
formulations provide long lasting pain relief Useful dosage forms include 
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without limitation oral forms such as tablets, capsules, beads, granules, 
aggregates, powders, gels, solids, semi-solids, and suspensions. Lotions, 
transdermal delivery systems, including dermal patches, aerosols or nasal mists, 
suppositories, salves and ointments are also useful. 

A variety of additives can be incorporated into the inventive 
compositions for their intended functions. These additives are usually used in 
small amounts. 

Useful additives include, for example, gelatin, vegetable proteins such as 
sunflower protein, soybean proteins, cotton seed proteins, peanut proteins, rape 
seed proteins, blood proteins, egg proteins, acrylated proteins; water-soluble 
polysaccharides such as alginates, carrageenans, guar gum, agar-agar, gum 
arabic, and related gums (gum ghatti, gum karaya, gum tragacanth), pectin; 
water-soluble derivatives of cellulose: alkylcelluloses, hydroxyalkyl celluloses 
and hydroxyalkylalkylcelluloses, such as methylcellulose, 
hydroxymethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose, 
hydroxyethylmethylcellulose, hydroxpropylmethylceflulose, 
hydroxbutylmethylcellulose, cellulose esters and hydroxyalkylcellulose esters 
such as: cellulose acetate phthalate (CAP), carboxyalky I celluloses, 
carboxyalkylalkylcelluloses, carboxyalkylcellulose esters such as 
carboxymethyl cellulose and their alkali metal salts; water-soluble synthetic 
polymers such as polyacrylic acids and polyacrylic acid esters, polymethacrylic 
acids and polymethacrylic acid esters, polyvinylacetates, polyvinylalcohols, 
polyvinylacetatephthalates (PVAP), polyvinylpyrrolidone (PVP), PVP/vinyl 
acetate copolymer, and polycrotonic acids; also suitable are phthalated gelatin, 
gelatin succinate, crosslinked gelatin, shellac, water-soluble chemical 
derivatives of starch, cationically modified acrylates and methacrylates 
possessing, for example, a tertiary or quaternary amino group, such as the 
diethylan-finoethyl group, which may be quaternized if desired; and other 
similar polymers. 

Processing aids such as sucrose, polydextrose, maltodextrin, lactose, 
maltose, stearic acid, microcrystalline cellulose, and the like may also be used. 
Examples of classes of additives include excipients, lubricants, oils, 
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hydrocolloid suspending agents, buffering agents, disintegrating agents, 
stabilizers, foaming agents, pigments, coloring agents, fillers, bulking agents, 
sweetening agents, flavoring agents, fragrances, release modifiers, etc. 



A useful composition according to the invention is a sustained-release 
composition comprising a sustained-release form of the recited COX-2 
inhibitor. By providing the recited COX-2 inhibitor in sustained-release form, 
more effective inhibition of the cyclooxegenase enzyme is possible due to the 
accumulative manner in which the enzyme is inhibited. This will also prolong 
the duration of action for the active principles in the rectited COX-2 inhibitor. 
By providing a slow but constant release of active principles, levels of pro- 
inflammatory prostaglandin E-2 are kept reduced, thereby providing for long 
lasting pain relief, throughout the day or at night while asleep. 

Sustained release within the scope of this invention can be taken to mean 
any one of a number of extended release dosage forms. The following terms 
may be considered to be substantially equivalent to sustained release, for the 
purposes of the present invention: continuous release, sustained release, delayed 
release, depot, gradual release, long-term release, programmed release, 
prolonged release, proportionate release, protracted release, repository, retard, 
slow release, spaced release, sustained release, time coat, timed release, delayed 
action, extended action, layered-time action, long acting, prolonged action, 
repeated action, slowing acting, sustained action, sustained-action medications, 
and extended release. Further discussions of these terms may be found in 
Lesczek Krowczynski, Extended-Release Dosage Forms, 1987 (CRC Press, 
Inc.), hereby incoporated by reference. 

The various sustained release technologies cover a very broad spectrum 
of drug dosage forms. Sustained release technologies include, but are not 
limited to physical systems and chemical systems. Physical systems include, 
but are not limited to, reservoir systems with rate-controlling membranes; 
microencapsulation; macroencapsulation; membrane systems; reservoir systems 
without rate-controlling membranes such as hollow fibers, ultra microporous 
cellulose triacetate, or porous polymeric substrates and foams; monolithic 
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systems, including those systems physically dissolved in non-porous, 
polymeric, or elastomeric matrices (e.g., non-erodable, erodable, environmental 
agent ingression, and degradable); and materials physically dispersed in non- 
porous, polymeric, or elastomeric matrices (e.g., non-erodable, erodable, 
environmental agent ingression, and degradable); laminated structures, 
including reservoir layers chemically similar or dissimilar to outer control 
layers; and other physical methods, such as osmotic pumps or adsorption onto 
ion-exchange resins. 

Chemical systems include, but are not limited to, chemical erosion of 
polymer matrices (e.g., heterogeneous, or homogeneous erosion), or biological 
erosion of a polymer matrix (e.g., heterogeneous, or homogeneous). 

Hydrogels may also be employed as described in "Controlled Release 
Systems: Fabrication Technology", Vol. II, Chapter 3; p 41-60; "Gels For Drug 
Delivery", Edited By Hsieh, D., incorporated by reference. 

Sustained release drug delivery systems may also be categorized under 
their basic technology areas, including, but not limited to, rate-preprogrammed 
drug delivery systems, activation-modulated drug delivery systems, feedback- 
regulated drug delivery systems, and site-targeting drug delivery systems. 

Furthermore, compositions according to the invention may be 
administered or coadministered with conventional pharmaceutical binders, 
excipients and additives. Many of these are sustained-release polymers which 
can be used in sufficient quantities to produce a sustained-release effect. These 
include, but are not limited to, gelatin, natural sugars such as raw sugar or 
lactose, lecithin, mucilage, plant gums, pectin's or pectin derivatives, algal 
polysaccharides, glucomannan, agar and lignin, guar gum, locust bean gum, 
acacia gum, xanthan gum, carrageenan gum, karaya gum, tragacanth gum, 
ghatti gum, starches (for example corn starch or amylose), dextran, polyvinyl 
pyrrolidone, polyvinyl acetate, gum arabic, alginic acid, tylose, talcum, 
lycopodium, silica gel (for example colloidal), cellulose and cellulose 
derivatives (for example cellulose ethers, cellulose ethers in which the cellulose 
hydroxyl groups are partially etherified with lower saturated aliphatic alcohols 
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and/or lowerlaturated, aliphatic oxyalcohols, for example methyl oxypropyl 
cellulose, methyl cellulose, hydroxypropyl methyl cellulose, hydroxypropyl 
methyl cellulose phthalate, cross-linked sodium carboxymethylcellulose, cross- 
linked hydroxypropylcellulose, high-molecular weight 

hydroxymethylpropycellulose, carboxymethyl-cellulose, low-molecular weight 
hydroxypropylmethylcellulose medium-viscosity hydroxypropylmethylcellulose 
hydroxyethylcellulose, hydroxypropylcellulose, hydroxypropylmethylcellulose, 
sodium carboxymethylcellulose, alkylcelluloses, ethyl cellulose, cellulose 
acetate, cellulose propionate (lower, medium or higher molecular weight), 
cellulose acetate propionate, cellulose acetate butyrate, cellulose triacetate, 
methyl cellulose, hydroxypropyl cellulose, or hydroxypropylmethyl cellulose), 
fatty acids as well as magnesium, calcium or aluminum salts of fatty acids with 
12 to 22 carbon atoms, in particular saturated (for example stearates such as 
magnesium stearate), polycarboxylic acids, emulsifiers, oils and fats, in 
particular vegetable (for example, peanut oil, castor oil, olive oil, sesame oil, 
cottonseed oil, corn oil, wheat germ oil, sunflower seed oil, cod liver oil, or high 
melting point hydrogenated vegetable oil such as can be produced from soy 
beans); glycerol esters and polyglycerol esters of saturated fatty acids 
C12H2402 to C18H3602 and their mixtures, it being possible for the glycerol 
hydroxyl groups to be totally or also only partly esterified (for example mono-, 
di- and triglycerides); pharmaceutically acceptable mono- or multivalent 
alcohols and polyglycols such as polyethylene glycol and derivatives thereof, 
esters of aliphatic saturated or unsaturated fatty acids (2 to 22 carbon atoms, in 
particular 10-18 carbon atoms) with monovalent aliphatic alcohols (1 to 20 
carbon atoms) or multivalent alcohols such as glycols, glycerol, diethylene 
glycol, pentacrythritol, sorbitol, mannitol and the like, which may optionally 
also be etherified, esters of citric acid with primary alcohols, acetic acid, urea, 
benzyl benzoate, dioxolanes, glyceroformals, tetrahydrofiirfiiryl alcohol, 
polyglycol ethers with CI- C12-alcohols, dimethylacetamide, lactamides, 
lactates, ethylcarbonates, silicones (in particular medium-viscous polydimethyl 
siloxanes), calcium carbonate, sodium carbonate, calcium phosphate, sodium 
phosphate, magnesium carbonate and the like. 
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Other substances that may be used include: cross-linked polyvinyl 
pyrrolidone, carboxymethylamide, potassium methacrylatedivinylbenzene 
copolymer, high-molecular weight polyvinylacohols, low-molecular weight 
polyvinylalcohols, medium-viscosity polyvinylalcohols, 
polyoxyethyleneglycols, non-cross linked polyvinylpyrrolidone, polyethylene 
glycol, sodium alginate, galactomannone, carboxypolymethylene, sodium 
carboxymethyl starch, sodium carboxymethyl cellulose or microcrystalline 
cellulose; polymerizates as well as copolymerizates of acrylic acid and/or 
methacrylic acid and/or their esters, such as, but not limited to poly(methyl 
methacrylate), poly(ethyl methacrylate), poly(butyl methacylate), poly (isobutyl 
methacrylate), poly(hexyl methacrylate), poly (isodecyl methacrylate), 
poly(lauryl methacrylate), poly(phenyl methacrylate), poly(methyl acrylate), 
poly(isopropyl acrylate), poly(isobutyl acrylate), or poly(octadecyl acrylate); 
copolymerizates of acrylic and methacrylic acid esters with a lower ammonium 
group content (for example Eudragit® RS, available from Rohm, Somerset, NJ 
), copolymerizates of acrylic and methacrylic acid esters and trimethyl 
ammonium methacrylate (for example Eudragit® RL, available from Rohm, 
Somerset, NJ); polyvinyl acetate; fats, oils, waxes, fatty alcohols; 
hydroxypropyl methyl cellulose phthalate or acetate succinate; cellulose acetate 
phthalate, starch acetate phthalate as well as polyvinyl acetate phthalate, 
carboxy methyl cellulose; methyl cellulose phthalate, methyl cellulose 
succinate, -phthalate succinate as well as methyl cellulose phthalic acid half 
ester; zein; ethyl cellulose as well as ethyl cellulose succinate; shellac, gluten; 
ethylcarboxyethyl cellulose; ethylacrylate-maleic acid anhydride copolymer; 
maleic acid anhydride-vinyl methyl ether copolymer; styrol-maleic acid 
copolymerizate; 2-ethyl-hexyl-acrylate maleic acid anhydride; crotonic acid- 
vinyl acetate copolymer; glutaminic acid/glutamic acid ester copolymer; 
carboxymethylethylcellulose glycerol monooctanoate; cellulose acetate 
succinate; polyarginine; poly (ethylene), poly (ethylene) low density, poly 
(ethylene) high density, poly (propylene), poly (ethylene oxide), poly (ethylene 
terephthalate), poly (vinyl isobutyl ether), poly (vinyl chloride) or polyurethane. 
Mixtures of any of the substances or materials listed herein may also be used in 
the practice of the invention. 
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The compositions according to the invention may be orally administered 
in a solid dosage form, or in a liquid dosage form such as a tea or soft drink. 
Soft gel capsules may also be employed. For the preparation of solutions or 
suspensions it is, for example, possible to use water, vegetable glycerine, or 
physiologically acceptable organic solvents, such as alcohols (ethanol, 
propanol, isopropanol, 1,2-propylene glycol, polyglycols and their derivatives, 
fatty alcohols, partial esters of glycerol), oils (for example peanut oil, olive oil, 
sesame oil, almond oil, sunflower oil, soya bean oil, castor oil, bovine hoof oil), 
paraffins, dimethyl sulphoxide, triglycerides and the like. 

In the case of drinkable solutions the following substances may be used 
as stabilizers or solubilizers: lower aliphatic mono- and multivalent alcohols 
with 2-4 carbon atoms, such as ethanol, n-propanol, glycerol, polyethylene 
glycols with molecular weights between 200-600 (for example 1 to 40% 
aqueous solution), gum acacia or other suspension agents selected from the 
hydrocolloids may also be used. 

It is also possible to add preservatives, stabilizers, buffer substances, 
flavor correcting agents, sweeteners, colorants, antioxidants and complex 
formers and the like. Complex formers which may be for example be 
considered are: chelate formers such as ethylene diamine retrascetic acid, 
nitrilotriacetic acid, diethylene triamine pentacetic acid and their salts. 

Furthermore, sustained release or immediate release compositions 
according to the invention may be administered separately, or may co- 
administered with other inventive sustained release or immediate-release 
biological equivalents or other therapeutic agents. Co-administration in the 
context of this invention is defined to mean the administration of more than one 
therapeutic in the course of a coordinated treatment to achieve an improved 
clinical outcome. Such co-administration may also be coextensive, that is, 
occurring during overlapping periods of time. 

The pharmaceutical compositions of the present invention may be used 
to treat pain related to trauma of connective tissue in mammals; and may also be 
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used to treat osteoarthritis, rheumatoid arthritis or acute pain. Dosing is by 
conventional means for the dosage selected. Conventional methods (such as 
dose ranging studies) may be used to determine dosage amounts; alternatively 
preferable dosage ranges have been disclosed elsewhere herein. 

An advantage of the invention is that bioavailability, side effects profile, 
and onset of action of a recited COX-2 inhibitor can result in a synergistic 
increase in the analgesic activity of the composition. The mechanism by which 
this effect occurs is not certain, but may involve altered COX-2 inhibitor 
metabolism/pharmacokinetics, resulting in effective pain relief at a lower dose. 
For instance, the synergistic effect may increase the maximum concentration of 
the recited COX-2 inhibitor in the blood or blood plasma, or may prolong or 
enhance the bioavailability of the recited COX-2 inhibitor or its metabolites, or 
may impact other pathways that directly or indirectly interact with the pathways 
involving cyclooxygenase-2. In an embodiment, the conversion of hops extract 
to iso-alpha acids could result in a significantly increased analgesic effect from 
the hops component. Such a synergistic increase in the analgesic activity would 
be useful for inventive compositions for and methods of treating joint pain or 
other types of pain, including acute pain, or pain due to trauma or injury, or for 
improved inhibition of cyclooxygenase-2 in mammals. 



Additionally, in another embodiment, the recited COX-2 inhibitor may be taken 
with aspirin without a worsening of gastric erosion from the aspirin. Likewise, 
subjects who are already taking the recited COX-2 inhibitor may also take daily 
low-dose aspirin therapy for cardiovascular benefit without major erosive 
damage to the gastric mucosa. 

An advantage of the invention is that it provides an anti-inflammatory 
and pain relieving effect while reducing the danger of gastric erosion from 
frequent usage, such as would be encountered with a composition that did not 
comprise a recited COX-2 inhibitor. Still another benefit is the fast onset of 
pain relief action due to the immediate anti-inflammatory effects of the recited 
COX-2 inhibitor. Surprisingly, by converting the alpha acids in hops to iso- 
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alpha acids, significantly more effective joint pain reliens achieved initially, as 
well as over time. Additionally, the use of iso-alpha acids contained in one of 
the preferred compounds also results in more effective reduction of pain than 
native hops extract or alpha acid that has not been converted to iso-alpha acid. 
In some cases, the botanical extract may be more effective than the isolated 
single chemical principle alone. This may translate into a reduction in dose 
amount, or an increase in the analgesic efficacy of the inventive pharmaceutical 
composition. Therefore, the inventive pharmaceutical composition may result 
in significantly greater analgesic effects than either ingredient alone. With 
respect to iso-alpha acids, the group of isomerized acids may be more effective 
than a single alpha acid such as iso-humulone. 



Example 1. 

Patients with moderate to severe pain requiring an oral analgesic/anti- 
inflammatory drug, can be administered iso-alpha acids (500 mg.) or a typical 
extract of hops containing 50% alpha and 25% beta acids (500 mg.) (virtually 
no iso-alpha acid). Typical pain models would include osteoarthritis, post 
operative pain, dysmenorrhea, post partum pain, or dental extraction pain. 
Crossover design or completely randomized design can be used. To determine 
analgesic efficacy, an observer will conduct interviews with the patients to 
determine the level of pain at various time points. Patients are asked to 
subjectively estimate the time at which the medication begins to provide 
significant relief. Patients are given a stopwatch to help estimate the onset of 
pain relief more accurately. Appropriate statistical methods can be used to 
show that the iso-alpha acids of hops have a shorter onset of action and greater 
degree of pain relief than the unisomerized hops extract. 



Example 2. 



Toxicity or side effect reduction can be tested according to the following 
method; Groups of 6-10 guinea pigs are dosed orally with either vehicle 
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(glycerine), a standardized hops extract containing abouT42% alpha acids and 
20% beta acids (standardized in glycerine), and a solution containing 70% iso- 
alpha acids. Different doses are administered via different concentrations of the 
hops extracts in vehicle such that a dose response curve is possible. Within 24 
hours after the dose, the animals are examined for gross abnormalities of the GI 
tract, particularly erosions of the gastric mucosa of the stomach. Microerosions 
and redness or ulcerations are noted, and the effects are compared between the 
treatment groups as described in Aberg et al; Acta Pharmacol. Toxicol. 28: 249- 
257, 1970. These observations indicate that the iso-alpha acid group has 
significantly less gastric erosion than the alpha acid group. 



Example 3. 

Solubility of a predominantly iso-alpha acid hops extract is compared to a 
generic extract containing primarily unisomerized alpha and beta acids in 
gastrointestinal fluids as follows; 



Simulated gastric fluid (SGF) and simulated intestinal fluid (SIF) can be 
prepared according to USP, or as follows: 

1. Alternative preparation of simulated gastric fluid (SGF) (pH 1.2) 

Sodium chloride (2 g) and pepsin (3.2 g) are co-dissolved in 7.0 
ml of hydrochloride acid. Deionized water is added to make the final 
volume equal to 1000 ml. pH should be 1.2. Pepsin activity of 800- 
2500 units per mg. of protein is available from Sigma Chemical 
Equilibrate to 37 degrees C. 

2. Alternative Preparation of simulated intestinal fluid (SIF) (pH 7.5) 

Monobasic potassium phosphate (23.8 g) is dissolved in 875 ml 
of water. Sodium hydroxide (665 ml, 0.2N) and 1400 ml of water are 
then added. Pancreatin (35 g) is added and the resulting solution is 
adjusted with 0.2N sodium hydroxide to a pH of 7.5+- 0.5. The solution 
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is dil^^with water to a final volume of 3500 iri^quilibrate to 37 

degrees C. 

Use basket method, and set rotation speed at 50 RPM and maintain 
dissolution media at 37 degrees C. 

Sample points: 

• 1 and 2 hours in simulated gastric fluid (SGF), drain and refill with SIR 
•3, 5 and 8 hours in simulated intestinal fluid (SEF). 



The iso-alpha acids, alpha acids, and beta acids were analyzed by HPLC 
according to the method described in; American Society of brewing Chemists. 
Report of Subcommittee on Analysis of Hop Bittering Constituents. Journal 37 
(3): 1 12 (1979). This method utilizes reverse-phase high-performance liquid 
chromatography (HPLC) with ultraviolet detection to separate and quantitate 
cohumulone, n-+ ad-humulone, colupulone, and n-+ad-lupulone as well as the 
various iso-alpha acids in hops and hops extracts. Samples are taken from each 
time point and analyzed. Substantially more iso-alpha acids are present in each 
sample than alpha acids. Virtually no beta acids are found at any time points. 
This is an indication that the iso-alpha acids are available for absorption starting 
in the stomach, as evidenced by the amount present in simulated gastric fluid, 
and in the small intestine, as evidenced by the amount available in simulated 
intestinal fluid when compared to the amount of unisomerized alpha acids from 
a generic hops extract. 



Example 4. 
COX-2 inhibition 

A supercritical C02 extract of hops that has been converted to 70% iso- 
alpha acids is dissolved in distilled water and potassium hydroxide to make up a 
solution of about 30% iso-alpha acids. A second sample of generic supercritical 
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C02 hops extract containing 42% alpha acids is also prepared in water at a 10% 
solution, which was the maximum amount that would go into solution. Both 
solutions are verified by HPLC. 

Each solution is tested according to the William Harvey Modified 
Human Whole Blood /Cell Assay, as set forth in T. D. Warner et al., Nonsteroid 
drug selectivities for cyclo-oxygenase-1 rather than cyclo-oxygenase-2 are 
associated with human gastrointestinal toxicity: A full in vitro analysis , Proc. 
Natl. Sci. USA 96:7563-68 (1999). 

Human whole blood (8 concentrations, n=4) is collected of blood by 
venapuncture into heparin. For determining COX-1 : Incubation of test 
compound(s) for 1 hour, with addition of stimulus (A23187) for 30 minutes. 
For COX-2: Incubation of test compounds for 1 hour, addition of stimulus 
(A23 187) for 30 minutes. Following this, measure TxB2 by RIA (index of 
COX-1 activity); measure PGE2 by RIA (index of COX-2 activity). The results 
are expressed as % control, and COX-2/COX-1 ratio is calculated. 

Example 5 

A 70% iso-alpha acid hops extract is dissolved in dimethylsulfoxide and 
its effect on cyclooxigenase 2 (COX-2) activity is measured using the 
184B5/HER cell line as described by Zhai et. al. in Cancer Research, (1993), 
53, 2272-2278. In this assay, if basal COX-2 activity is inhibited, production of 
prostaglandin E-2 (PGE2) is significantly reduced because the synthesis of 
PGE2 from arachidonic acid (sodium arachidonate is added to the medium) is 
blocked or reduced by the iso-alpha hops extract. PGE2 production released by 
cells can be measured by enzyme immunoassay (ELISA) and shown to be 
significantly reduced. 

As an additional test, the above formulation can be used to determine 
inhibition of recombinant human COX-2 enzyme activity. In that model, 
radioactive arachidonic acid is added to a reaction mixture containing human 
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• # 

recombinant COX-2 enzyme and other chemicals. Levels of prostaglandin E-2 
are measured using high pressure liquid chromatography (HPLC). The percent 
activity is determined by comparing levels of synthesis of PGE2 in control 
incubations with levels seen in incubation mixtures containing known 
concentrations of test compounds. 



Example 6 



A soft gelatin capsule is prepared by mixing a 70% iso-alpha acid 
extract of hops with glycerin and other suitable excipients. Soft gelatin capsules 
can be manufactured according to techniques known in the pharmaceutical 
sciences, by anyone skilled in the art with the corresponding equipment. Soft 
gelatin capsules can deliver a drug or therapeutic compound in the liquid state, 
and therefor have a fast onset of action. Soft gel capsules were prepared 
accordingly to deliver 300 mg. of iso-alpha acids per capsule in a base of 
vegetable glycerin. 12 healthy subjects which are screened according to proper 
inclusion and exclusion criteria are administered two capsules per day (600 mg. 
of iso-alpha acids) for a period of 3 days. Included in the exclusion criteria is 
the stipulation that no subject was currently taking an NSAID or a COX-2 
inhibitor. On the fourth day, each subject is instructed to take one baby aspirin 
consisting of 81 mg. of aspirin, in addition to the two capsules of ISO-alpha 
acids per day. This combination therapy is continued for another 2 days for a 
total of three days of combination therapy. Each subject is asked to fill out a 
subjective questionnaire related to experience of gastric discomfort. Such a 
questionnaire asks the patient to rate the degree of pain, discomfort, or 
dyspepsia according to a sliding scale of none, mild, or severe. In addition, each 
subject is subjected to endoscopic examination for gastric erosion. After a 2- 
week washout period, in which the subjects are instructed not to consume any 
NSAIDs or COX-2 inhibitors, the same subjects are instructed to take a typical 
dose of rofecoxib, a synthetic, highly selective COX-2 inhibitor, once per day 
for a period of three days. After three days, one baby aspirin (81 mg.) is also 
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consumed concurrent with the rofecoxib dose as was done with the iso-alpha 
acids. The same questionnaire is used as was in the first part of the study, and 
the subjects are also examined by endoscopy for erosions of the gastric mucosa. 



Example 7 

A 70% iso-alpha acid resin extract is produced by heating a standardized 
hop extract in aqueous solution with potassium hydroxide at a pH of 9. This 
high viscosity resin is placed in a jacketed high intensity mixer such as a 
Littleford W-10, which enables hot water or steam to be circulated around the 
vessel to elevate the temperature. To the resin is added a mixture of carriers 
consisting of modified corn starch, maltodextrin, and calcium silicate or silica. 
The high shear mixer blends the resin with the carriers at an elevated 
temperature and a dry free flowing powder is created. After cooling, 
hydrogenated soy oil with a melting point of 155 degrees F is added at 2% by 
weight. The temperature of the mixer is increased by circulating hot water 
through the jacket of the mixer/reactor vessel, until the core temperature reaches 
the melting point of the oil, or about 160 degrees F. The powder is granulated 
with the molten oil and mixed thoroughly by the high intensity mixing blades 
which are capable of mixing at speeds up to 2000 RPM. The temperature is then 
reduced to about 70 degrees F and the powder discharged. A free flowing, 
sustained-release powder is produced consisting of the following composition; 



Iso-alpha acids 3 5% 

Maltodextrin 30% 

Modified corn starch 30% 

Calcium silicate 3% 

Hydrogenated soy oil 2% 
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This powder can be used to fill two piece capsules, made into tablets, or 
combined with other ingredients in multi-component formulas for analgesic 
effect. The powder is more suitable for solid dosage forms other than soft 
gelatin capsules. 

To enhance the onset of action for pain relief, it may be necessary to add 
a mineral salt or alkali earth salts such as magnesium hydroxide, aluminum 
hydroxide, potassium hydroxide, sodium hydroxide, or mineral carbonates such 
as calcium carbonate or sodium bicarbonate. However, some of these mineral 
salts may precipitate the iso-alpha acids, with unknown consequences. 
Potassium hydroxide is the preferred mineral salt because it does not form a 
precipitate with alpha acids or iso-alpha acids form hops. Therefore, 
combinations of iso-alpha acids with mineral salts or potassium hydroxide in 
various dosage forms suitable for oral consumption are preferred. 

Example 8 

The dry powder produced during the first phase of example 7, prior to 
microencapsulation with hydrogenated vegetable oil, is blended with potassium 
hydroxide and encapsulated according to the following formula; 



Each capsule contains: 

Iso-alpha acids dry powder (35% iso-alpha acids) 500 mg. 

Potassium hydroxide 200 mg. 
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Magnesium Stearate 



♦ 

3mg. 



Silica 1 mg. 



5 While the present invention is described above in connection with the 

preferred or illustrative embodiments, those embodiments are not intended to be 
exhaustive or limiting of the invention, but rather, the invention is intended to 
cover any alternatives, modifications, or equivalents that may be included 
within its scope as defined by the appended claims. 
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